Introduction
Running waters are vulnerable ecosystems under increasing pressure from anthropogenic factors such as habitat alteration through e.g. changes in hydrology and alteration of the riparian corridor (Malmqvist & Rundle 2002) . The alteration in habitat structure can be affected by catchment-scale variables such as land-use change, since running water ecosystems are strongly infl uenced by their surrounding at multiple spatial scales (e.g. Fausch et al. 2002 , Townsend et al. 2003 , Allan 2004 , Sandin & Johnson 2004 . Some of these environmental variables such as hydrology and channel characteristics are more infl uenced by landscape features and land use whereas in-stream habitat structure and organic input are more structured by lo-cal conditions such as near-stream land-use (e.g. Allan et al 1997) . According to hierarchy theory small scale physical and biological features are affected by variables on larger spatial scales (Allen & Starr 1982) and in-stream conditions are usually constrained by large-scale factors (Frissell et al.1986 ). The landscape as well as near-and in-stream features can also be seen as a hierarchically nested set of controlling factors that interact across spatial scales. The local biotic community (here defi ned as the taxa caught at one sampling site within a stream) may be the product of a series of environmental "fi lters" at different spatial scales (Tonn 1990 , Poff 1997 , where the community composition at a site is affected by variables at continental, regional, basin, reach, channel unit, as well as the microhabitat scale and each species found at a site has to "pass" through these fi lters to potentially persist at a site.
Lotic benthic macroinvertebrate communities have been shown to be structured by landscape-level factors such as land use/cover, surfi cial geology (unconsolidated sediments), and catchment area or geographic factors such as latitude and distance to river source (e.g., Richards et al. 1996 , Roth et al. 1996 , Lammert & Allan 1999 . Other studies have, however, found that local scale variables such as stream hydraulics, substratum, water chemistry, and riparian vegetation are more important in structuring running water macroinvertebrate communities than landscape-level factors (e.g. Minshall 1984 , Statzner et al. 1988 , Ormerod et al. 1993 , Richards et al. 1993 . To complicate matters, Parsons & Thoms (2007) showed that the lotic macroinvertebrate community in the Murrumbidgee catchment (Australia) was most strongly associated with large-scale (regional) as well as reach-scale environmental variables, whereas intermediate level and local-scale (riffl e) variables were not important.
A number of studies have quantifi ed the relationships between environmental variables at different spatial scales in relation to lotic macroinvertebrate community composition (e.g. Carter et al.1996 , Harding et al. 1998 , Li et al. 2001 , Towsend et al. 2003 , Sandin & Johnson 2004 , Mykrä et al. 2004 , Galbraith et al. 2008 . Such studies might reveal insights into the relationships between the environment and stream biota across multiple spatial scales. The scale at which most of the variation in biotic community composition can be explained can also be assumed to be the scale at which the most important physical/chemical processes structuring community composition can be found (Li et al. 2001) . Identifying this scale is important for improving management measures, especially taking into account future climate change, especially if climate change causes direct human-induced changes in e.g. catchment land-use through changes in fi eld cover or deforestation.
The main problems in trying to tease apart which environmental variables at what spatial scale are most important in determining stream biota community composition are: i) that these processes interact across scales which causes hierarchically related and correlated changes in community composition (Urban et al. 2006) , and ii) that in relation to the catchment-scale land use variables it has been suggested that there is a temporal lag in the response of the biota, termed 'ghost of land use past' (Harding et al. 1998) . For example Harding et al. (1998) showed that the 1950's land use explained more of the community structure in fi sh and invertebrate communities than present day land use. The scales at which running water ecosystems are studied are also prone to give different answers related to at which spatial scale most variation is explained (Wiley et al 1997 , Mykrä et al. 2007 ) and also which type of environmental variables explain most of the community composition (i.e. are suggested to structure the in-stream biotic community).
In this study I test the relationship between landuse and hydromorphological factors at three spatial scales (catchment, near-stream, and in-stream) in relation to lotic benthic macroinvertebrate assemblages in streams and rivers of the Emå catchment in south eastern Sweden. I hypothesise that there is a stronger relationship between the environmental data at smaller spatial scales (i.e. near-stream and in-stream) in relation to macroinvertebrate community composition than in relation to catchment scale data, but that catchment scale information to a large extent affects landuse near the stream and thus has an indirect effect on in-stream hydromorphology and biota. Understanding these relationships will improve our ability to assess and manage river and stream habitats and biota in relation to e.g. catchment-scale anthropogenic changes.
Material and methods

Study area
The Emå catchment is situated in the south-eastern part of Sweden. It is the largest river in this region, with a catchment area of 4472 km 2 . It fl ows from west to east and its headwaters are located in the highland of Småland (330 m a.s.l.), just north of Storasjön, ca 10 km from the city of Nässjö. The main stem runs ca 220 km to the Baltic Sea at Em, near Kalmar Sound. The catchment consists of 19 subcatchments, including; Solgenån, Linneån, Silverån, Brusaån, Sällevadsån, Pauliströmsån, Gnyltån, Saljenån, Gårdvedaån, Marån, Morån, Nötån, Tjus-taån, and Lillån. The catchment geology is dominated by acid granites, resistant to erosion and resulting in acid soils with low nutrient content. Mean annual air temperature ranges from 3 °C in the upper part of the Emå catchment to 7 °C in the lower part with mean annual rainfall ranges from 700 mm (in the western higher part) to 500 mm (in the eastern lower part).
Environmental data
The larger streams/rivers within the Emå catchment were assessed in 1998 (Halldén et al. 1999 ) using the Swedish biotope inventory method (Swedish Environmental Protection Agency 2003) . This method aims at quantifying biotopes, near-stream areas (including surrounding area and riparian zone), and the amount of physical abstraction and naturalness in Swedish streams and rivers. Here, a total of 1624 river reaches were inventoried with a total of 762.3 km of stream length mapped in this way, within the 19 subcatchments. A total of 82 environmental variables were included in this study with 22 catchment variables, 28 near-stream zone variables, and 32 in-stream variables. The catchment variables included: catchment land use (eleven variables, e.g. arable land, water, urban, deciduous forest), crop use (as a subset of arable land; it was further divided into six types, e.g. pasture, peas, and potatoes) all these variables were measured in percent of total catchment area. The catchment variables also included catchment area, as well as maximum and minimum altitude within the catchment (Appendix 1). These data were taken from the Emån Union [Emåför-bundet] (unpubl. data). The land-use near-stream zone variables (surrounding area and riparian zone) were quantifi ed using aerial photographs and then confi rmed in the fi eld. In this study biotope inventory data for the stretch at the macroinvertebrate sampling site (for each stream bank separately) were included in the analysis. The land-use in the surrounding area (30-200 m perpendicular to the stream) and the riparian zone (0-30 m perpendicular to the stream) were divided into nine surrounding variables (e.g. coniferous forest, clear cut, agricultural, and open land), and 19 riparian zone variables (e.g. old coniferous, young coniferous forest, open land with bush vegetation, and industrial areas). These variables were classifi ed into four percentage cover categories (0 = not found, 1 < 5 % coverage, 2 = 5-50 % coverage, 3 > 50 % coverage). The in-stream variables were all assessed visually (percent variables) or measured in the fi eld (all other variables). These included in-stream substratum (eight categories e.g. coarse detritus, clay, and rock), and in-stream vegetation (eight categories e.g. broadleaved submerged vegetation, Fontinalis spp., fi lamentous algae, and total in-stream vegetation cover) these variables were classifi ed into the same four percentage categories as above. The maximum and minimum stream width and depth, estimation of stream water velocity (four categories; stagnant, < 0.2 m s -1 , slow fl owing, fl owing, and fast fl owing > 0.7 m s -1 ), shading (percent), amount of dead wood in the water (classifi ed 0-3), stream channel type (straight, sinuous or meandering) and whether or not the channel had been cleared of larger objects hindering water fl ow were all taken from the biotope river or stream stretch data.
Macroinvertebrate data
Macroinvertebrate data from fourteen sites from a larger database on macroinvertebrate data in the Emå catchment were included in this analysis ( on the availability of environmental data. These fourteen sites were situated in twelve of the 19 sub catchments in the Emå river basin. Macroinvertebrate data were collected in the autumn (August until November) with twelve sites sampled in 1999 and two sites sampled in 1997 (3 Linne and 10 Gnylt). Sampling was done using a hand net with a 500 µm mesh size and fi ve one meter kick samples were taken at each site. These fi ve subsamples were added together and analyzed as one. The taxonomic resolution differed somewhat among the samples and the taxonomic level used was therefore standardized before analysis.
Statistical analysis
All data analyses were done using CANOCO for Windows version 4.5 (ter Braak & Ŝmilauer 2002). Partial constrained ordination is a procedure where known or unwanted variables are removed from the computations by means of multiple linear regression (ter Braak 1988) . This method has been used to partition the variance of species abundance data into different environmental and spatial variable groups (e.g., Borcard et al. 1992 , Økland and Eilertsen 1994 , Sandin & Johnson 2004 .
Here the environmental variables at each of the three spatial scales (catchment, near-stream zone, and in-stream) were tested for inclusion in the model using forward selection as suggested by Økland and Eilertsen (1994) . By doing this, environmental variables (within each spatial scale) that are strongly correlated to each other will be removed (and only one of a set of correlated variables will be retained in the model). Forward selection of the explanatory variables was run with 9999 unrestricted permutations using the Monte Carlo permutation test in CANOCO with a fi xed α = 0.05 as an inclusion rule for each tested environmental variable. Variance partitioning is done by examining the relationship between the species data and environmental data but fi rst removing the effect of other environmental variables (e.g. including catchment variables as explanatory and near-stream zone variables as covariables in the model). In the variance partitioning, the relationship among the three different groups of environmental data (catchment, near-stream, and in-stream) was analyzed using Redundancy Analysis (Rao 1964 ), e.g. by running the near-stream zone data as "species" and the catchment variables data as "environmental" it is possible to assess how much of the variation in the near-stream zone data can be explained (correlate) with the catchment data. The relationship between the environmental data (at the three spatial scales) and the macroinvertebrate data were analyzed in the same way, using Canonical Correspondence Analysis (ter Braak 1987). The percentage data used in the analyses were all arcsine transformed and the downweighting of rare species option enabled. As recommended by Økland (1999) , the total variance explained (TVE), as opposed to using total inertia (variance) in the dataset, was used when assessing how much of the variation in benthic macroinvertebrate dataset could be explained by the environmental data at the three spatial scales. Variance uniquely explained at each spatial scale i.e. the "pure" effect was calculated by removing: i) the variance uniquely explained by each of the two other spatial dataset, and ii) the variance accounted for by the interaction terms, i.e., the variance jointly explained by combinations of two or all three spatial scale variables. For a more thorough description of how to calculate the interaction terms see Liu and Bråkenhielm (1995) .
Results
Catchment
The fi rst PCA axis of catchment data (Fig. 2a) divided the stream sites into those with mainly urban, coniferous forest or clear-cut land-use, mainly in the eastern part of the Emå catchment (positive side of the fi rst axis) and those with arable land and mires as the main land-use and lowest altitude in catchment (the negative side of the fi rst axis). The second PCA gradient divided the sites into those with different kinds of crops (positive side of the second axis) whereas the negative side of the second axis contained sites with dense coniferous forests, clear-cut forest, found to the east of the Emå catchment. The fi rst two PCA axis of catchment data explained 56.9 % of the total variation in the data and the fi rst axis alone explained 35.6 %.
Near-stream zone
In the surrounding area and riparian zone a similar pattern was found (Fig. 2b) , where the fi rst axis divided the sites into those with coniferous forest (negative side of axis) versus those with arable land or mire in the near stream or surrounding area (positive side of the fi rst axis). The second axis divided the stream sites into those with young, mixed forest (positive side of the axis) versus sites with old deciduous forests trees in the near stream zone (negative side of the second axis). The fi rst two PCA axis of near-stream and surrounding land use data explained 29.2 % of the total variation in the data and the fi rst axis alone explained 16.7 %.
In-stream
The in-stream relationship among the stream sites (Fig. 2c) showed that the fi rst axis divided the sites into those with fast fl ow, shallow depth, stony substratum, and higher amount of fi ne-leaved submerged vegetation (negative side of the fi rst axis) versus those that were deeper, slow fl owing, with more fi ne detritus and having a wider stream channel (positive side of the axis). The second gradient divided sites into those that had large amount of submerged broad-leaved vegetation, and a wide stream channel (positive side of the second axis), versus those with more fi ne detritus and slow fl ow (standing water) (negative side of the axis). The fi rst two PCA axis of the in-stream data explained 47.5 % of the total variation in the data and the fi rst axis alone explained 33.0 %.
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Macroinvertebrates A total of 116 macroinvertebrate taxa were found at the 14 stream sites. The most common were Oligochaeta, Chironomidae and Simulidae found at all sites , the mayfl y Baetis rhodani (Pictet), Ceratopogonidae, and Pisidium spp. were found at 13 of the sites, whereas the mayfl y Heptagenia sulphurea (Müller), the caddisfl ies Hydropsyche pellucidula (Curtis), Oulimnius spp., and Limnephilidae were found at twelve of the sites. Sixteen taxa were found in at least ten of the sites and 66 taxa were found at less than fi ve of the stream sites sampled.
Relationship among the environmental variables
The relationships between the environmental variables at different spatial scales catchment, near-stream (surrounding and riparian zone variables), and in-stream variables were evaluated using Redundancy analysis. The catchment variables explained 22.8 % of the variation in the near-stream zone (surrounding and riparian zone) with one signifi cant variable in the forward selection, i.e. the lowest altitude in the catchment. The catchment data explained about one third (36.7 %) of the variation in the in-stream data with one signifi cant variable, i.e. the amount of surface water in the catchment. The near-stream zone data on the other hand explained 83.9 % of the in-stream data with three signifi cant variables, i.e. the amount of artifi cial land (undefi ned man-made constructions) in the surrounding area, the amount of building sites (plots) in the nearstream zone, as well as the amount of wetland in the surrounding area. 
Relationship between environment variables and macroinvertebrates
Six statistically signifi cant (p < 0.05) environmental variables explained 74.0 % (1.792) out of the total inertia (variation) in the benthic macroinvertebrate dataset which was 2.420. The included variables were in-stream vegetation cover, riparian zone consisting of mires and mixed forests, catchment land-use being pea crops, i.e. agricultural, surrounding area being open land, riparian zone made up of young deciduous forest, and surrounding area being wetlands ( Fig. 3a and Table 1 ). These were included in the model running forward selection in CCA and including all environmental variables at all spatial scales where the fi rst CCA axis explained 28.2 % and the second axis 24.1 % and thus the two fi rst axes explained 52.3 % of the inertia in the benthic macroinvertebrate dataset.
The fi rst axis was on a large spatial scale interpreted as a north-south gradient since the vegetation cover in the streams was strongly negatively correlated with the north coordinate of the sampling sites. It could also possibly be interpreted as a disturbance gradient, since it was correlated with the amount of clear-cut areas in the catchment, where Silverån (site 12) and Brusaån (site 13) had the highest, whereas Solgenån (site 9), and Linneån (site 3) had the lowest amount of clear-cut in the catchment area. The fi rst CCA gradient was also strongly related to the minimum stream width and amount of fl oating vegetation in the stream on a local scale (both positively correlated with the fi rst axis). The stream benthic macroinvertebrate community composition along the fi rst CCA axis varied from taxa associated with the negative end of the axis, such as the ephemeropteran Baetis muticus (Linnaeus), the plecopteran Isoperla difformis (Klapalék), and Chironomidae, to taxa related to the positive side of the fi rst axis, such as the ephemeropteran Baetis buceratus Eaton, the heteropteran Aphelocheirus aestivalis (Fabricius), and the trichopteran Psychomyia pusilla (Fabricius) (Fig. 3b) . The second axis mainly separated Gnyltån, with a high amount of mires and mixed forest in the riparian zone and also the stream with the smallest catchment area, at the positive side of the second axis from the rest of the sampled sites (Fig. 3a) . The positive side of the second axis was related to taxa such as the ephemeropteran Ameletus inopinatus Eaton, the plecopteran Dinocras cephalotes (Curtis), the trichopteran genus Hydroptila spp., and the trichopteran family Leptoceridae, while the negative end of the second axis was related to taxa such as the ephemeropteran Baetis buceratus, the heteropteran Aphelocheirus aestivalis, and the trichopteran Psychomyia pusilla (Fig. 3b) . The catchment data explained 53.0 % of the total variation in the macroinvertebrate data with four statistically signifi cant variables, i.e. the amount of arable land in the catchment, the amount of arable land cultivated with autumn sown crops, the amount of dense coniferous forest, and the amount of surface water in the catchment. The near-stream zone data explained 57.9 % of the total variation in macroinvertebrate data with four signifi cant variables, i.e. the amount of wetland in the surrounding area, riparian zone consisting of mires and mixed forests, riparian zone consisting of roads, and the amount of open land in the riparian zone. The in-stream environmental data explained 40.0 % of the total variation in the macroinvertebrate data with three signifi cant variables. These were the amount of vegetation cover in the stream, the amount of Fontinalis spp., and other mosses in the stream.
The total variance in the benthic macroinvertebrate dataset was 2.420 and the total explained variance (TEV) was 2.223 (91.9 %), i.e. the variation that could be explained by the catchment, near-stream (surrounding area and riparian zone), and in-stream environmental variables. The near-stream variables could uniquely explain 22.9 % of the TEV (i.e. after removal of all variation explained by either the catchment or in-stream environmental variables), whereas the catchment variables explained 18.8 % and the instream variables 12.6 %. In total 54.3 % of the TEV could be attributed to the unique effects of catchment, near-stream, or in-stream environmental variables. The interaction terms of either two or all three groups of environmental variables explained the remaining 45.7 % of TEV. The interaction term(s) including the near-stream zone (i.e. the interaction between nearstream and either catchment, in-stream, or both environmental variable groups) explained most of the variation (40.1 %), the catchment ones explained 36.9 %, whereas the interaction term(s) including the in-stream zone explained least of the variation (30.9 %) in lotic macroinvertebrate community composition.
Discussion
Relationship among environmental variables at different spatial scales
The main environmental gradient in the catchment and near-stream zone was from up-stream areas with coniferous vegetation to down-stream areas where the main land-use was arable land, pasture and mires across the catchment. The up-land sites also had a near stream zone with coniferous vegetation and the down-stream areas had arable, wetland or open land use. This is in agreement with Townsend et al. (2003) , who showed that stream reach altitude is intimately linked to differences in vegetation types. In my study the up-stream coniferous areas had, not surprisingly, shallower streams with a stony substratum, less course and fi ne detritus, as well as less in-stream vegetation cover. The down-stream areas on the other hand were streams which were deeper, with more detritus and a higher percentage of macrophyte coverage (e.g. fi neleaved submerged macrophytes). A similar pattern across all of Sweden was found by Sandin (2003) , where catchment characteristics and fl ow regime divided the stream sites, and by Pedersen (2009) when analysing catchment characteristics, riparian structure, and physical habitat features of Danish streams. The relationship between catchment and the other two levels of spatial scale were also manifested in a similar way in the present study, where the catchment scale environmental variables that best explained the variation in the near-stream zone were catchment altitude. Catchment altitude was positively related to the amount of mires, and negatively correlated to the Table 1 . Ranking of environmental variables in importance by their conditional effects using forward selection in Canonical Correspondence Analysis (CCA) including the 14 stream sites and 116 benthic macroinvertebrate taxa. All included environmental variables were statistically signifi cant using a Monte Carlo permutation test with p < 0.05. Each variable is assigned to one of the spatial scales. The surrounding land-use and riparian zone variables were included independent in the analysis for the two stream banks of the river. The only signifi cant explanatory variable accounting for the in-stream zone habitat structure was the amount of surface water in the catchment (explaining 36.7 % of the variation). This variable is strongly related to other variables, e.g. negatively correlated with the amount of coniferous forest, clear-cut, and urban land-use and positively correlated with the amount of mires and arable land in the catchment. The amount of urban land-use in catchments is usually relatively low, but it has a disproportional large effect on both physical (e.g. hydrology, geomorphology, and temperature) as well as chemical features (e.g. nutrients, metals, and pesticides) of streams (Paul & Meyer 2001) . Almost all of the variation in in-stream habitat features (83.9 %) could be explained by near-stream features (surrounding area and riparian zone land-use). This is in line with earlier studies that have shown that the riparian zone strongly infl uence in-stream variables such as stream hydrology, substratum composition, and water chemistry (e.g. Allan et al. 1997 , Harding et al. 1998 , Sponseller et al. 2001 , Stone et al. 2005 , Vondracek et al. 2005 , Kail et al. 2009 ). Also the near-stream zone showed a similar gradient from up-stream coniferous to down-stream areas where the land-use was dominated by agriculture, wetlands and mires.
Relationship among environment and lotic macroinvertebrate communities
The strongest relationship was found between the nearstream environmental variables and the lotic benthic macroinvertebrate community composition. Here the near-stream zone variables alone ("pure effect") explained nearly 25 % of the variation in the community composition, whereas the catchment characteristics alone explained 18.8 % and the in-stream habitat features 12.6 %. The near-stream variables also explained more than 80 % of the variation in the in-stream habitat variables (see above). The interaction term (i.e. variation explained jointly by variables at more than one spatial scale) was largest for the near-stream zone (40.1 %), and weakest for the in-stream habitat features (30.9 %). A similar pattern was found by Sandin & Johnson (2004) where local physical scale variables explained a larger part of the variation in macroinvertebrate community composition, even though the scale of that study was across the whole of Sweden. Also Urban et al. (2006) showed that riparian vegetation and watershed landscape features were better predictors of stream macroinvertebrate communities than local stream habitat variables and Feld & Hering (2007) concluded that reach scale variables explained more of the stream macroinvertebrate communities than did either catchment or site-scale variables. This could seem to stand in contrast to those studies that have indicated that large-scale i.e. regional variables explain more of the variation in the local community than do local scale factors (e.g. Richards et al. 1996) . But as Hynes (1975) stated "in every respect, the valley rules the stream" which has also been shown in a number of other studies where variables such as catchment land-use, climate, and geology have been shown to be correlated with stream benthic macroinvertebrate community composition (Allan et al. 1997 , Wiley et al. 1997 .
In another Swedish study by Malmqvist & Hoffsten (2000) , they compared the results of earlier studies of Swedish benthic macroinvertebrate analyses and their relationship to environmental variables. These authors concluded that a combination of locally or in-stream measured variables (e.g. substratum, current velocity, in-stream vegetation, and water chemistry) as well as large-scale variables such as climate (temperature), longitude, latitude, and stream size could best explain the variability in benthic macroinvertebrate assemblages. The spatial extent (scale) of the Malmqvist & Hoffsten (2000) study was, however much larger than in the present study. Still, the general conclusion of the study by Malmqvist & Hoffesten (2000) as well as a number of other studies (e.g. Chaves et al. 2005 , Parsons & Thoms 2007 , Johnson et al. 2007 holds, that the regional-scale variables generally shows a weaker relation (and mainly indirectly) to lotic macroinvertebrate community composition in comparison with local-scale variables. To truly disentangle the effects of fi ne-scale versus coarse-scale factors as drivers of change in community composition requires large-scale replication (e.g. Townsend et al. 2004 ). The importance of environmental factors at different hierarchical scales for structuring lotic community composition has also been demonstrated by Olden et al. (2006) showing that an Artifi cial Neural Network (ANN) model including variables at different spatial scales had a greater predictive power than single spatial scale variables for predicting macroinvertebrate assemblage structure in stream ecosystems.
The importance of spatial scale and hierarchical relationships
There seems to be a division between those studies that showed that catchment scale factors explained more of the variation in benthic macroinvertebrate community structure as opposed to those studies showing local scale variables being the best predictors. One problem when assessing the importance of environmental variables at different spatial scale in stream studies is the large range of spatial scales encountered (Minshall 1988) . Another caveat is that the scale at which a system is observed is important when determining which factor is/are infl uencing the structure of the ecosystem (e.g., Frissell et al. 1986 , Minshall 1988 , Carter et al. 1996 , Wiley et al. 1997 . Also the results obtained from a single catchment (as in this case) might not be directly transferable to other catchments. In a recent study of eastern Australian stream fi sh assemblages (Kennard et al. 2007 ) a predictive model was built based on data from the Mary River. The transferability of the model to the nearby Albert River was higher for fi sh presence-absence data but clearly lower for species abundance and biomass data. Kennard et al. (2007) conclude that the same landscape features are structuring the presence-absence of individual species among the catchments, whereas the interactions among landscape, hydrology, and local scale features may differ between the two catchments. Not only spatial factors, but also changes in environmental variables over time is possibly important (but rarely available) for inclusions into models predicting the structure of lotic macroinvertebrate communities. In a study by Harding et al. (1998) they found that the 1950's riparian land-use and catchment land-use were better predictors of present-day macroinvertebrate community composition than present day land-use. One important factor infl uencing the results and differences in results among studies is thus possibly time-lags in the system. If the catchment land-use is an important factor affecting the near-and in-stream characteristics of a stream, then changes in catchment land-use (e.g. through human induced changes or climatic effects) will also induce changes in the riparian and in-stream habitats, but this change will take time. Here, the near-stream characteristics were more strongly related to the community composition of the biota than any of the habitat variables were related to (present day) land-use in the catchment (albeit the difference between the two spatial scale was relatively small). So, as the hypothesis by Tonn (1990) and Poff (1997) states, the biota (in this case macroinvertebrates) have to pass through environmental 'fi lters' at different spatial scales to potentially persist at a site, but at the same time the local scale 'fi lters' are affected by changes in the large-scale fi lters. These changes in near and in-stream variables affected by the catchment-scale changes is possibly also time lagged. The numbers of studies available to actually evaluate how strong these relationships are through time is currently very limited (but see Verdonschot 2009).
Conclusions
As has been noted a number of times before, the lotic macroinvertebrate community is structured by environmental factors acting at different spatial scales, where the near-stream (surrounding area and riparian zone) land-use shows the strongest relationship to the macroinvertebrate community composition and simultaneously is strongly related to the in-stream habitat features. These results imply that the use of a hierarchical organization to manage, assess and predict lotic biotic community process and patterns will enhance both understanding and scientifi c development in running waters (e.g. Hawkins et al. 1993 , Frothingham et al. 2002 , Parsons et al. 2004 , Dollar et al. 2007 , Parson & Thoms 2007 . By including factors such as hydrogeomorphology, catchment geomorphology and climate into these hierarchical frameworks e.g. through the Riverine Ecosystem Synthesis (Thorp et al. 2006) we will further our understanding of how human induced perturbation as well as catchment-scale changes (e.g. through climate change) will affect stream ecosystems.
